Atom tracker: Designing a mobile augmented reality experience to support instruction about cycles and conservation of matter in outdoor learning environments by Kamarainen, Amy marie et al.
Atom tracker: Designing a mobile
augmented reality experience to support
instruction about cycles and conservation
of matter in outdoor learning environments
The Harvard community has made this
article openly available.  Please share  how
this access benefits you. Your story matters
Citation Kamarainen, A., Metcalf, S., Grotzer, T.A., Brimhall, C., & Dede,
C. 2016. Atom tracker: Designing a mobile augmented reality





Terms of Use This article was downloaded from Harvard University’s DASH
repository, and is made available under the terms and conditions



















































































































• A	PowerPoint	introduction	to	the	AR	software	was	not	sufficient	- In	the	future	students	should	have	a	chance	to	do	a	short	“intro”	(~20	minutes	may	be	enough)	experience	with	the	phones	ahead	of	using	them	during	a	learning	activity	- Such	an	activity	should	include	an	example	of	the	types	of	things	they’ll	need	to	do	with	the	phones:	login/logout,	navigate	among	menu	options,	find	hotspot,	use	history,	answer	questions,	use	and	adjust	audio,	and	basic	troubleshooting	tips.	- The	intro	could	also	give	an	overview	of	how	the	game	works	(the	idea	of	levels	and	how	to	progress	through	the	game)	- Caveat	-	these	students	were	exposed	to	the	intro	materials	up	to	10	days	in	advance	of	the	implementation,	so	perhaps	a	visual	introduction	would	be	sufficient	if	it	occurred	immediately	before	implementation	.		
Design	components		
	
• The	LEGO®	were	useful.	Students	enjoyed	them	and	also	referred	to	them	when	answering	questions	about	what	was	happening	to	their	atom.	We	could	possibly	look	for	ways	to	integrate	them	even	further,	by	asking	students	to	refer	to	them	regularly.	When	students	were	asked	to	puzzle	through	what	was	happening	in	an	animation,	they	would	refer	to	the	LEGO®	molecules.		
• An	initial	question	that	required	them	to	read	carefully	seemed	to	drive	home	the	need	to	read	carefully	through	the	experience.	
• Hotspot	references	that	were	divorced	from	the	physical	location	did	not	work.	For	example,	we	tried	to	ask	students	to	imagine	they	were	near	the	edge	of	the	pond	(since	we	couldn’t	really	be	at	edge	of	pond),	but	this	was	just	confused	the	students.		
• All	animations	should	include	audio	narration	to	help	with	interpretation.	
o In	some	cases	narration	links	were	broken,	or	students	didn’t	have	the	volume	turned	up	enough.	
	
Design	toward	Learning	Goals	
• Overall,	the	learning	goals	around	atoms	and	molecules	require	more	scaffolding.	
o The	various	forms	of	representation	require	more	scaffolding	
o Animations	of	molecules	in	the	air	and	soil	were	being	misinterpreted	
• Misconceptions	recognized:	
o Conflating	the	identity	of	atoms	and	molecules	
o Students	were	clear	they	were	tracking	an	atom,	but	would	confused	atoms	and	molecules	in	their	description	of	activities,	processes	and	animations	
o We	may	need	to	start	with	a	simpler	“level”	that	focuses	on	distinguishing	between	atoms	and	molecules	and	scaffolds	students	through	various	representations	(animations,	processes)	
• Conservation	of	matter:	
o On	questions	about	conservation	of	matter	(and	atoms	being	recycled)	some	students	used	other	clues	within	the	question	to	answer	it,	but	still	held	misconceptions	that	atoms	could	be	created	or	destroyed	through	photosynthesis	and	respiration.	The	activity	as	it	is	designed	may	be	more	fitting	for	8th	graders	who	had	previously	been	exposed	to	the	particulate	nature	of	matter.		The	team	realized	significant	time	commitments	(above	those	anticipated)	associated	with	both	setting	up	and	carrying	out	the	activity.	While	students	were	relatively	savvy	with	handling	and	navigating	the	mobile	technology	and	responded	well	to	the	logistical	training,	they	could	have	used	more	time	to	internalize	the	goals	and	context	of	the	activity.	The	design	team	might	have	better	facilitated	student	learning	with	the	AR	experience	by	more	explicitly	communicating	goals	of	the	activity	and	managing	expectations	about	outcomes	and	end	points.	Also,	designing	two	versions	of	the	Atom	Tracker	activity	helped	us	explore	the	relative	value	of	place-dependent	and	place-independent	designs	(Kamarainen	et	al.	2015;	Dunleavy	&	Dede	2013).	With	version	1.0,	we	concluded	that	our	design	was	too	place	agnostic	–	students	couldn’t	see	the	purpose	in	walking	a	long	distance	to	a	virtual	location	called	“atmosphere”,	so	in	version	2.0	we	designed	a	version	that	was	tightly	tied	to	the	physical	resources	specific	to	the	location	at	hand.	In	the	end,	we	saw	the	pendulum	swing	too	far	and	this	highly	place-dependent	version	became	difficult	to	use	when	the	location	had	to	change	at	the	last	minute.	In	the	next	iteration	of	this	experience,	we	have	included	references	to	physically	present	elements	(like	trees),	but	have	found	it	useful	to	use	largely	place-independent	designs.			The	AR	interface	provided	compelling	ways	to	combine	multiple	representations	of	molecular	processes	and	to	present	these	in	ways	that	bridge	across	spatial	and	temporal	scales.	However,	we	found	that	interpreting	multiple	representations	within	the	current	design	was	challenging	for	students,	and	on	the	next	iteration	we	hope	to	build	in	more	scaffolding	for	interpreting	the	various	forms	of	representation.	This	might	be	done	through	audio	explanations	used	in	association	
with	the	molecular	animations,	or	could	possibly	be	accomplished	through	having	the	students	work	in	pairs	throughout	the	experience	and	embedding	opportunities	for	peer	discussion	and	interpretation.		Atom	Tracker	used	the	emerging	technology,	augmented	reality,	to	help	students	understand	complex	scientific	concepts	that	are	generally	unobservable.	The	design	team	recognized	the	promise	of	using	AR	to	help	students	“see”	and	experience	processes	that	have	traditionally	been	taught	in	very	abstract	ways.	Through	AR,	students	were	able	to	“see”	atoms	taking	place	in	a	real-world	context.	Although	there	were	limitations	and	failures	in	the	design,	Atom	Tracker	represents	a	promising	experiment	in	using	emerging	technology	to	address	a	complicated	learning	goal	and	these	ideas	can	be	built	upon	in	future	work.		
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